Introduction: Mycobacterium leprae has a small genome and a tendency of persisting as a very low-grade infection. The authors have shown earlier, that the changes in TTC repeats, in M. leprae genome may contribute to the restriction of the pathogenicity of the bacterium and its survival strategy in case of pure neural Hansen's disease. We suspect, that a similar genomic reduction if happens in treated cases of Hansen's disease, can be a determining factor for developing persisters and relapse. Aim: The present study aimed to find out if there was any evidence of genomic reduction in treated cases of Hansen's disease that showed microbiological nonresponse. Methods: Skin biopsies were taken from treated cases of Hansen's disease at tertiary centers in Kolkata and at Raipur who had bacterial index (BI) unchanged or increased compared to their pretreatment BI. Analysis for the mutation in rpoB gene and folP1 gene were done to rule out rifampicin and dapsone resistance, respectively. The entire TTC repeat region of the bacteria was amplified by polymerase chain reaction and was subjected to sequencing. The obtained sequences were then analyzed by CLUSTALW. Results: A total of 127 patients were included in the study of which in 52 the BI remained same and 75 had an increase in BI, even after 6 months of completion of multidrug therapy. Among the samples, 2 had positive rpoB gene mutation. No mutation was found in the folP1 gene. The TTC repeat of both the rpoB-resistant samples was found to have 17 copies, which matched their pretreatment copy number. In other 125 cases, 60 cases showed no change from their pretreatment TTC number. Of those 65 samples that showed evidence of genomic reduction, 11 samples showed one copy, 41 showed 2 copies, and 13 showed 3 copies deletion. We also observed a significant regional variation. Conclusion: We concluded that there was evidence of genomic reduction, which might lead to microbiological nonresponse in treated cases of Hansen's disease. This indicated a possibility of future persistence and relapse.
Introduction
Mycobacterium leprae is unique in the sense that it is an obligate intracellular parasite and serves as excellent model to study how these bacteria exploits the functions of their host cells. Obligatory intracellular parasites possess a small genome and have a tendency of genome reduction. [1] This genome reduction is a common phenomenon of these obligatory intracellular parasites targeting overlapping subsets of potentially dispensable genes while adapting to the selective pressure of the different niches. Therefore, genes found in multiple copies may contribute to their specific adaptation, function and pathogenicity. [2] TTC repeat is the variable number tandem repeat (VNTR) in M. leprae, reported first by Shin et al. [3] and has 21 repeats in some strain of M. leprae. [4] The stability of this TTC repeat was studied and was found to remain
This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms. stable even after several serial passages in the footpads of nude mice. [5] The change in the TTC repeat may contribute to strain differentiation and may also contribute to the restriction for the pathogenicity of the bacterium and their lifestyle. [5] In contrast, comparative genomic studies have revealed that in some cases, the genomes of bacteria, like in cases of Rickettsia or Mycobacteria spp., are reduced. It is assumed that for M. leprae, this tandem repeat is very specific and any deletion of genes in the TTC repeat sequence may have a detrimental effect on their fitness and on their ability to cause disease. [6] [7] [8] Furthermore, the occurrence of disease relapse or inability of multidrug therapy (MDT) to tame the bacterium proliferation is observed with an increasing trend. [9] Mycobacterial persisters have been reported in the treated cases of Hansen's disease and it was postulated that such persisters may contribute to relapse of Hansen's disease after completion of the World Health Organization (WHO) MDT. [10] Previous reports suggested a few mutations in the rpoB and folP1 genes of the bacterium might contribute to its resistance against the drug therapy and might also have accounted for the relapse of the disease.
[11] As the prevalence of drug-resistant bacterium is 1 in 10 14 bacteria, it is imperative to consider another possible reason for the relapse. The authors have earlier shown that genomic reduction at TTC repeats can be a survival strategy for M. leprae in cases of pure neural Hansen's disease. [12, 13] In an attempt to find the most possible explanation for the microbiological nonresponsiveness, we tried to study the variable number of tandem repeats TTC, rpoB, and folP1 gene of M. leprae genome from clinical isolates from two different regions of the country. Our study aimed at finding evidence of genomic reduction and drug-resistant mutations in patients where the bacterial index (BI) remained refractory to treatment, even 6 months after completion of the MDT.
Materials and Methods

Patient selection criteria
In the tertiary leprosy centers of Kolkata and Raipur, patients who were diagnosed as multibacillary (MB) Hansen's disease and started with MB-MDT were followed up for microbiological response with slit skin smears. Of the 246 patients, who were initially enrolled for follow-up, 127 (51.6%) individuals who were found to have signs of "microbiological nonresponse" 6 months after completion of MB-MDT, were included in the study. "Microbiological non-response" was defined as the BI remaining at the same value as of corresponding pretreatment or an increase by at least 1+, 6 months after the completion of MB-MDT.
Institutional ethical clearance was taken from all three study centers -Institute of Post Graduate Medical Education and Research, Kolkata; Medical College, Kolkata; and Pandit Jawaharlal Nehru Medical College, Raipur. Patients were explained properly about the study matter, and then, the duly signed informed consent form was collected from each study individual.
Collection of punch biopsy
A 4 mm punch biopsy was taken from the leprosy patch of the patient after proper sterilization of the site. The collected samples were stored at 4°C till being processed for the genomic DNA isolation. [14] Genomic DNA isolation Genomic DNA was isolated by standard phenol-chloroform method. The skin biopsy samples were homogenized using an automated mortar pestle (Sigma, USA). The homogenized samples were then incubated at 55°C for 2-4 h with lysis buffer (Tris and 0.25% Tween 20) and 20 mg/ml Proteinase K. Equal volume of phenol:chloroform (1:1) was added and centrifuged at 10000 rpm for 10 min. Equal volume of chloroform was added to the aqueous phase and again centrifuged at 10000 rpm for 10 min. One-tenth volume of 3M sodium acetate and 2 times the volume of ice-cold ethanol were added and the mixture was incubated at − 20°C. After incubation, the sample was centrifuged at 12,000 rpm for 10 min. The pellet was washed with ice-cold ethanol and air dried. Finally, the pellet was dissolved in 100 µl miliQ distilled water. [14] Polymerase chain reaction amplification of
TTC repeats
The primers used for region flanking entire 21 bp TTC repeat sequences were originally designed by Shin et al. [3] Both the primers were designed based on the M. leprae genome sequences flanking the TTC repeats to make sure that only the M. leprae genomic DNA would anneal with the primers [ Table 1 ], by the polymerase chain reaction (PCR) conditions. Final DNA concentration of 100 ng was measured by spectrophotometer. Genomic DNA was amplified with AmpliTaq Gold, (Applied Biosystems, Inc., Foster City, CA) in a PCR reaction mixture, containing 1×PCR buffer (Applied Biosystems), 200 microM MgCl 2 , 2.5 mM each dNTP, and 20 picomoles of each primer TTC-A/TTC-B. The primer sequences, primer annealing Ta  Product  size  TTC-A  GCA CCT AAA CCA TCC CGT TT  58°C  201 bp  TTC-B CTA CAG GGG GCA CTT AGC TC Ta: Optimal annealing temperature temperature (Ta°), and PCR product sizes are given in Table 1 . The PCRs were performed in the following conditions: 95°C 4 min, followed by 35 cycles of 95°C for 1 min, Ta° of the primer annealing [ Table 1 ] for 1 min, 72°C for 1 min, and then 72°C for 10 min for the final extension. The amplified products were separated by electrophoresis on 2% agarose gel stained with 0.5 mg/mL ethidium bromide and visualized and photographed under an ultraviolet transilluminator. The amplified PCR products were then subjected to sequencing. Mutations in rpoB and folP1 gene were determined as described previously by Lavania et al. [15] Statistical analysis Data were summarized as percentages. The obtained sequences were analyzed for changes by CLUSTALW multiple sequence alignment using MAFFT (Version 7.214). Fisher's exact test was done to find out if there was any significant regional variation in TTC drop pattern. The cutoff for statistical significance was considered as P<0.05.
Results
Of the 246 patients, who were initially enrolled for follow-up, 127 (51.6%) individuals were found to have signs of "microbiological nonresponse" 6 months after completion of MB-MDT and were included in the study. These 127 cases, who either had an increase in BI by at least 1+ or remained same in respect to their pretreatment BI value, even after 6 months of completing MDT, were selected for the study from three centers of Kolkata and Raipur. Of these, samples from 54 patients were received from Raipur, Chhattisgarh and the remaining 73 samples were received from patients of two centers in Kolkata. Of those, who were included in the study, 52 had BI remaining the same and 75 had an increase in BI at least by 1+, even after 6 months of completion of MDT.
Out of the 127 cases, 125 cases did not show any mutation in rpoB and folP1 gene of the M. leprae genome. The remaining two cases showed mutation at the base pair position 2,275,405 where G was replaced by C in the M. leprae genome, which corresponded to the coding region of rpoB gene (279 bp-2275228 to 2275506). [15] Moreover, these patients were shown to have 17 copies of TTC repeats in the M. leprae genome after 6 months of follow-up, which were equal to their pretreatment value [ Figure 1 ]. These two patients were reported from Kolkata. All other cases (n=125) had 13 copies of TTC repeat as their pretreatment value [ Table 2 ].
All the other remaining 125 cases were also subjected for TTC repeats analysis in follow-up after MDT. Out of the 125 cases, 60 cases showed no change in TTC repeats when subjected to PCR analysis (40 from Raipur and 20 cases from Kolkata) in comparison to their respective pretreatment TTC repeats. Out of the remaining 65 cases (14 cases from Raipur and 51 cases from Kolkata) PCR amplification of TTC repeats was analyzed. It showed changes in the amplified TTC repeats when compared to their respective pretreatment TTC repeats [ Figure 2 and Table 3 ]. The amplified sequences of DNA are shown in Figure 3 .
CLUSTALW multiple sequence alignment analysis of 53 samples from Kolkata, showed in 38 samples, evidence of genomic reduction; they had 11 copies of TTC in follow-up visit with a deletion of 2 copy numbers from their pretreatment value [ Figure 3 ]. The remaining 13 (excluding 2 with rpoB mutation) cases showed to have 10 copies of TTC repeats in their follow-up visit with a deletion of 3 copy numbers as compared with their initial copy numbers [ Figure 3 ].
In 11 out of 14 cases collected from Raipur, we found to have 12 copies of TTC repeats in the genome of M. leprae isolate and showed a deletion in 1 copy number of TTC repeat region when compared with their initial Fisher's exact test showed that there was significant regional variation in TTC drop pattern (P<0.0001). There was a highly significant variation in the genomic drop pattern in the TTC repeat region [ Tables 2 and 4 ].
The trend for the changed TTC repeats showed that deletion of 2 copies of TTC repeat was significantly more common (P<0.001) than deletion of single copy or 3 copies.
Discussion
Although the leprosy elimination program has seen major success in India and elsewhere, annual new case detection rate of leprosy has remained a cause of concern. [16] Studies have reported the problem of persistence of bacterium in treated cases of Hansen's disease even after the completion of WHO-MDT. [10] The authors have earlier shown that genomic reduction may be a survival strategy for M. leprae in cases of pure neural Hansen's disease. [12] In previous studies, a polymorphic site in the M. leprae genome was investigated particularly for distinguishing between relapse and reinfection. [17] It was [18] [19] [20] suggested that point mutations in rpoB and folP1 genes of the bacterium were responsible for the resistance against the two major drugs in MDT, namely rifampicin and dapsone, respectively. Hence, in the last phase of elimination program of Hansen's disease, a persisting infection of leprosy bacilli either by means of selective genomic reduction or by mutation in the drug resistance sites can be a real threat to the success of the WHO-MDT program. Our study aimed at finding evidence of genomic reduction and drug-resistant mutations in patients where the BI remained refractory to treatment, even 6 months after completion of the MDT.
Environmental effect on the bacterial genome can also make them act against the activity of the drugs, hence there is a possibility of relapse, reinfection, and resistance. Earlier, studies on VNTRs had demonstrated the effect of environment on the genome of both prokaryotic and eukaryotic cells. VNTRs based on 3, 5, or 6 nucleotide repeats were used earlier for the epidemiological investigation of amoxicillin resistance to Hemophillus influenza type B. [18] The study by Shin et al. focused on TTC repeats in M. leprae from clinical isolates in Cebu City, Philippines. They reported evidence of variable numbers in TTC repeats of M. leprae obtained from MB patients and suggested a possible role in the adaptation of the bacterium against the environment of the hyperendemic regions of leprosy infection and also could be a useful mean to determine the source and transmission pattern of the bacterium. [3] In the present study, the posttreatment changes in TTC repeats were observed in more than half (51.1%) of clinical isolates of the patients from both Raipur and Kolkata, which clearly indicated a strong influence of the environmental factors including weather, presence of herd immunity, family history, prevalence, transmission rate, socioeconomic factors, and interventions such as MDT on the genomic structure of the organism. Furthermore, the 2 copies deletion of TTC repeat was significantly more than 1 copy deletion and 3 copies deletion. The exact mechanism of the evolution of M. leprae strain with different copy numbers of TTC repeats remained unexplained, but it could be postulated that it might be an adaptive response of the bacterium to survive difficult host conditions under antileprosy drugs, resulting in possible microbiological nonresponse. Our study also found that there were not many mutations in resistance determining genes (rpoB and folP1), so the microbiological nonresponse was possibly not linked with standard drug resistance.
Our study thus emphasized that though there was not much resistance of the individual bacillus against either dapsone or rifampicin; a substantial portion of the treated cases of MB Hansen, were still showing microbiological nonresponse with evidence of genomic reduction. We suggest this group may need a special attention, as there may be an increasing tendency of evasion of host defense, which may lead to future persisters and even relapse. We also suspect that truncated duration of MDT may have an impact on the final relapse rate if the otherwise drug sensitive bacilli are able to escape host defense due to genomic reduction. Although larger long-term prospective data with both clinical and microbiological parameters are needed for complete understanding of the impact of genomic reduction on leprosy; it can safely be concluded that to enhance the impact of leprosy elimination program a stronger vigilance is needed at least in a subset of patients where there are chances of bacterial persistence and genomic reduction.
Limitation of the study
This study is limited by the fact that principally we have conducted a cross-sectional study with only microbiological data. The time frame chosen for, doing BI and taking samples for bacterial DNA after 6 months of completion of MDT, is arbitrary. Moreover, due to lack of resources, our DNA analysis was restricted to the 127 samples where there were possibility of microbiological "nonresponse" and we were unable to compare them with the other group of patients where there was evidence of BI reduction. Our study can at best generate a hypothesis that there are signs of genomic reduction at the TTC repeat and this may be linked with possible bacterial survival or persistence even after complete course of MDT. However, a larger prospective cohort with longer follow-up comprising and comparing both clinical and microbiological data can throw more light on the actual impact of bacterial genomic reduction on the leprosy elimination process.
Conclusion
We conclude that there is evidence of genomic reduction, which may lead to microbiological nonresponse in treated cases of Hansen's disease. This signifies a possibility of future persistence and relapse. Further work is needed to be done with longitudinal studies to find conclusive evidence of genomic reduction and resultant treatment failure or relapse.
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